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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the constituent for neutron shield manufacture which fitted storage of 
spent reactor fuel and the cask for conveyance especially about the constituent for neutron 
shields. 
[0002] 

[Description of the Prior Art] 

Although various kinds of nuclear installation, for example, a nuclear reactor, a nuclear fuel 
reprocessing plant, etc. are built with development of the nuclear power industry in recent 
years in every place, The quantity of the radiation which a human body receives is reduced as 
much as possible, and it must be made for neither a structural material nor apparatus material 
to be damaged with radiation in the nuclear installation of these various kinds. Namely, the 
neutron generated from a nuclear fuel or spent nuclear fuel, such as various kinds of nuclear 
installation, If it is energy-rich, it has strong penetrating power and it collides with other 
substances, since a gamma ray will be generated, and it will do a serious obstacle for a human 
body and various materials, such as nuclear installation, will be damaged, development of the 
neutron shield which can cover this neutron and gamma ray safely certainly is performed. 
[0003] 

Although concrete was conventionally used as a neutron shield, this concrete needed 
thickness considerable as a shield wall, like a nuclear ship, it is an unsuitable neutron shield 
and a weight saving of the neutron shield was desired in the nuclear installation which has 
restriction in weight and capacity. 
[0004] 

Here, by colliding with the hydrogen element of the almost same mass, energy is absorbed 
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and the fast neutron of the neutrons is slowed down effectively. Therefore, highly [ hydrogen 
density ], a substance with high hydrogen content is effective in cover of a fast neutron, for 
example, water, paraffin, polyethylene, etc. can be used as a neutron shield. Although fluids, 
such as this water, are lightweight compared with concrete, since it is a fluid, handling is 
limited and the neutron cover ability of the construction material of the container itself which 
stores fluids, such as this water, poses a problem further. 
[0005] 

Then, about cover of a neutron, [ in which the effect as slowing-down-of-neutron material is 
large since a light weight and hydrogen content are high ] What blended a little boron 
compounds with resin, such as thermosetting resin, such as polyolefin system thermoplastics, 
such as paraffin and polyethylene, and unsaturated polyester resin, and an epoxy resin, as a 
neutron shielding material is used. On the other hand, about cover of a gamma ray, the 
structure with shape which covers the outside of a neutron shield main part for gamma ray 
cover is arranged and covered. 
[0006] 

Even when a fire arises, development of the neutron shield which can maintain the above 
neutron cover ability to some extent should also be performed. About this, the neutron shield 
which contains a lot of aluminum hydroxide powder, magnesium hydroxide powder as a fire 
refractory material, etc. is proposed ( J P, 200 1-1 08787, A). 
[0007] 

[Problem(s) to be Solved by the Invention] 

However, in cover of a neutron, the neutron shield which can cover a neutron more safely 
certainly is called for. The neutron shield which consists of resin etc. which are mainly used 
now in cover of a gamma ray on the other hand, Specific gravity was as small as 0.9-1 .2, it did 
not need to be suitable for covering the gamma ray generated when covering a high-speed 
neutron, and the structure for gamma ray cover which used material with large specific gravity 
for the outside of the neutron shield main part needs to be arranged. For this reason, even if 
the performance of a neutron shield improves, the feature of a neutron shield cannot be 
harnessed because of the thickness of the structure for gamma ray cover arranged outside, 
and weight, but improvement in the gamma ray cover ability of the neutron shield itself is 
expected. 
[0008] 

In refractoriness, the dehydration fever decomposition temperature of aluminium hydroxide is 
245 ** - 320 **, and it is thought that magnesium hydroxide powder is more suitable as a fire 
refractory material to this since the dehydration fever decomposition temperature of 
magnesium hydroxide is 340 ** - 390 **. However, when magnesium hydroxide powder was 
used, the viscosity of the constituent rose, the air bubbles involved in the inside of the problem 
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that great time and labor are applied to kneading and restoration, and resin remained, and 
there was a problem that there was a possibility of reducing neutron cover ability. Therefore, 
there is also no example in which there is no example in which magnesium hydroxide powder 
was actually used for casks, and the particle diameter of magnesium hydroxide powder was 
also examined. 
[0009] 

Then, this invention was made in view of the above-mentioned problem, and covers a neutron 
and a gamma ray effectively, and it aims at providing the constituent for neutron shields 
excellent in refractoriness. Also let it be the purpose to provide the good constituent for neutron 
shields of workability. 
[0010] 

[Means for Solving the Problem] 

When this invention persons start development of a constituent for neutron shields for 
aforementioned problem solution, gamma ray cover ability and their neutron cover ability 
improve by mixing an increased density agent to an epoxy resin etc., By using magnesium 
hydroxide powder of detailed particle diameter, it finds out that heat resistance and neutron 
cover ability improve and that neutron cover ability of a constituent for neutron shields 
improves by blending carbon powder further, and came to complete this invention. 
[0011] 

That is, this invention is as follows. 

[1]A constituent for neutron shields containing an epoxy resin, a fire refractory material, and an 
increased density agent. 

[2]A constituent for neutron shields containing a hydrogenation epoxy resin, magnesium 
hydroxide powder, and an increased density agent. 

[3]A constituent for neutron shields containing magnesium hydroxide powder which has the 
particle diameter of 1.5-15 micrometers. 

[4]A constituent for neutron shields containing a hydrogenation bisphenol A type epoxy resin, 
magnesium hydroxide powder which has the particle diameter of 1 .5-5 micrometers, and an 
increased density agent. 

[5]The above containing carbon powder [1]-A constituent for neutron shields of any one 
statement of [4]. 

[6]The above doing 0.02-4 mass % content of carbon black [1]-A constituent for neutron 
shields of any one statement of [5]. 

[7]Above[2]-A neutron shield which consists of a constituent for neutron shields of any one 
statement of [6]. 

[8]Above[2]-A neutron shield vessel which consists of a constituent for neutron shields of any 
one statement of [6]. 



http://www4.ipdl. inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ip... 9/25/2008 



JP,2004-061463,A [DETAILED DESCRIPTION] 



Page 4 of 19 



[0012] 

[Embodiment of the Invention] 

First, the constituent for neutron shields of this invention is explained. As for the constituent for 
neutron shields, the epoxy resin as base resin, a hardening agent, and a boron compound are 
mixed as a fundamental component. Fire retardancy can be given by mixing a fire refractory 
material to this fundamental component. Neutron cover ability, workability, etc. can be raised 
more by mixing carbon powder and/or an increased density agent. Hereafter, although each 
ingredient is explained in detail, a commercial thing can be used unless it refuses in particular. 
First, an epoxy resin means resin containing the epoxy group which can construct a bridge. 
[0013] 

An epoxy resin, for example A glycidyl ether type / 2 organic-functions phenol type epoxy 
resin, A glycidyl ether type / polyfunctional phenol type epoxy resin, a glycidyl ether type / 
alcohol type epoxy resin, Glycidyl ester typed epoxy resin, an aliphatic series epoxy resin, an 
alicycle fellows epoxy resin, a modified epoxy resin, etc. are mentioned, and the hydrogenation 
epoxy resin etc. which added hydrogen to the ring structure of these epoxy resins further are 
mentioned. Using one kind of epoxy resin, two or more sorts of epoxy resins may be mixed, 
and an epoxy resin may be used. 
[0014] 

When the example of an epoxy resin is given, as a glycidyl ether type / a 2 organic-functions 
phenol type epoxy resin, Bisphenol type epoxy resin, stilbene type epoxy resins, a biphenyl 
type epoxy resin, As a glycidyl ether type / polyfunctional phenol type epoxy resins, such as 
monocycle type aromatic epoxy resin and condensed multi-ring type aromatic epoxy resin, A 
polyphenol type epoxy resin, phenol novolak type epoxy resin, Methylene group substitution 
type phenol novolak type epoxy resin, alkylene denaturation phenol novolak type epoxy resin, 
As aliphatic series epoxy resins, such as aralkyl denaturation phenol novolak type epoxy resin, 
Cycloaliphatic epoxy resin by direct oxidation, cycloaliphatic epoxy resin by glycidyl-ether-izing 
of a functional group, As modified epoxy resins, such as a dichloropentadiene type epoxy resin 
and a chain top aliphatic series epoxy resin, The Lynn content epoxy resin, a sulfur content 
epoxy resin, a nitrogen content epoxy resin, etc. are mentioned to others, such as silicone 
modified epoxy resin, a urethane modified epoxy resin, polyimide and a polyamide modified 
epoxy resin, and a photoresist epoxy resin. As a hydrogenation epoxy resin, the resin etc. 
which hydrogenated a hydrogenation bisphenol A type epoxy resin, hydrogenation bisphenol F 
type epoxy resin, and novolac type glycidyl ether resin are mentioned. 
[0015] 

It is bisphenol type epoxy resin, an aliphatic series epoxy resin, etc. preferably among these 
epoxy resins, and is a hydrogenation bisphenol A type epoxy resin also in bisphenol type 
epoxy resin especially preferably. By using a hydrogenation epoxy resin with a large hydrogen 
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content like a hydrogenation bisphenol A type epoxy resin, it becomes possible to manufacture 
the neutron shield superior to that of neutron cover ability. 
[0016] 
[Formula 1] 




[0017] 

The desirable range of n in the structural formula of the above-mentioned hydrogenation 
bisphenol A type epoxy resin is n= 0-2, and n= 0 to about 0.1 are more preferred. 
[0018] 

As a hardening agent which reacts to an epoxy resin and forms the structure of cross linkage, 
an amine system hardening agent, acid and an acid anhydride system hardening agent, a 
phenol system hardening agent, etc. are mentioned, for example, and an amine system 
hardening agent is used preferably. Since heat resistance is high, the hardening agent which 
furthermore has a ring structure of an alicyclic amine system hardening agent, an aromatic 
amine system hardening agent, etc. among amine system hardening agents is used suitably 
for the constituent of this invention. Using one kind of hardening agent, two or more sorts of 
hardening agents may be mixed, and a hardening agent may be used. 
[0019] 

When a neutron shield is exposed to an elevated temperature like [ when a fire arises, for 
example ], a fire refractory material is added for the purpose of making a neutron shield remain 
so that the above neutron cover ability can be maintained to some extent, and says 
compounds, such as aluminium hydroxide and magnesium hydroxide. At 340 ** - 390 **, from 
drying decomposition temperature of aluminium hydroxide, since drying decomposition 
temperature of magnesium hydroxide is an elevated temperature, it is suitable especially as a 
fire refractory material. 
[0020] 

Generally, magnesium hydroxide is powdered. In particular about particle diameter of this 
magnesium hydroxide powder, it is not usually adjusted. By adjusting particle diameter, it 
becomes a more suitable constituent as a constituent for neutron shields. 
[0021] 
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When using magnesium hydroxide powder as a fire refractory material, particle diameter of 
desirable magnesium hydroxide powder is 1.5-15 micrometers, and its particle diameter of 1.5- 
5 micrometers is especially preferred. A commercial thing can be used for magnesium 
hydroxide powder with these particle diameter. Although it is desirable here that it is in a range 
whose particle diameter of all the powder is 1.5-15 micrometers as for particle diameter of 
magnesium hydroxide powder, It is desirable that not less than 80% of magnesium hydroxide 
powder should just be in a range which is 1.5-15 micrometers actually, and it is in the range 
concerned especially preferably not less than 90% of not less than 95% of preferably. Using 
magnesium hydroxide powder with a particle diameter of 1.5 micrometers or less, if the mixture 
ratio of magnesium hydroxide powder is raised, viscosity will rise and great time and a labor 
will be applied to kneading and restoration. Therefore, since the mixture ratio of magnesium 
hydroxide powder will be stopped low, refractoriness worsens. On the other hand, when 
magnesium hydroxide powder with a particle diameter of not less than 15 micrometers is used, 
since surface area of magnesium hydroxide powder becomes small, there is a possibility that 
refractoriness may fall. That is, a good constituent for neutron shields of workability which does 
not require great time and a labor for kneading and restoration can be obtained, maintaining 
refractoriness by using 1.5-15-micrometer magnesium hydroxide powder. 
[0022] 

As for viscosity of resin before hardening, if it furthermore explains concretely from a viewpoint 
of neutron cover ability, in order to lose a cavity part on the occasion of casting to a container 
of an epoxy resin before hardening, it is desirable to use 100 or less Pa-s. If, as for a mixing 
amount of magnesium hydroxide powder, below 30 mass % becomes keeping viscosity proper 
and it is fire-resistant condition temperature (800 ** of exteriors, 30 minutes) within a well- 
closed container with a melting plug when magnesium hydroxide powder of 1.5 micrometers or 
less is used, It is generated by air bubbles (void) inside resin, and there is a possibility that 
neutron cover ability may fall. On the other hand, when not less than 15-micrometer 
magnesium hydroxide powder is used, can make a mixing amount of magnesium hydroxide 
powder more than 50 mass %, but. Since surface area of magnesium hydroxide powder falls, it 
is generated by air bubbles inside resin at fire-resistant condition temperature (800 ** of 
exteriors, 30 minutes), and there is a possibility that neutron cover ability may fall. 
[0023] 

That is, a neutron shield in which refractoriness and neutron cover ability were more excellent 
can be obtained by particle diameter of magnesium hydroxide powder being 1.5-15 
micrometers. Workability also improves. 
[0024] 

On the other hand, since aluminium hydroxide is superior to magnesium hydroxide from a 
point of a hydrogen content, it mixes aluminum hydroxide powder and magnesium hydroxide 
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powder suitably, and is good also as a fire refractory material. In that case, as for aluminum 
hydroxide powder to be used, it is preferred to use aluminum hydroxide powder for low soda 
below 0.07 mass %. By making a part for soda (Na 2 0) below into 0.07 mass %, hydrogen 

content can be held to not less than 150 **. Fire refractory materials other than aluminum 
hydroxide powder and magnesium hydroxide powder may be added further. An addition of 
these fire refractory materials has preferred 20 in whole constituent - 70 mass %, and 
especially its 35 - 60 mass % is preferred. 
[0025] 

A boron compound is blended with a minute amount and has a function as slowing down of 
neutron and an absorber. A boron compound blended with a minute amount at a neutron 
shield, Boron compounds, such as boron nitride which has neutron absorption ability and 
should just have a big absorption cross section to a low speed and a thermal neutron, 
anhydrous boric acid, boron iron, orthoboric acid, boron carbide, or metaboric acid, are 
mentioned, and especially boron carbide is preferred. Using one kind of boron compound, two 
or more sorts of boron compounds may be mixed, and a boron compound may be used. 
[0026] 

A boron compound is used with powder, and particle diameter and an addition can be adjusted 
suitably and can be added. However, if dispersibility within an epoxy resin and cover nature to 
a neutron are taken into consideration, about 1-200 micrometers of mean particle diameter are 
preferred, its about 10-100 micrometers are more preferred, and especially its about 20-50 
micrometers are preferred. The range of an addition of 0.5 - 20 mass % is the most preferred 
to the whole constituent. By less than 0.5 mass %, when an effect as a neutron shielding 
material of an added boron compound is low and exceeds 20 mass %, it becomes difficult to 
distribute a boron compound uniformly. 
[0027] 

Carbon powder is added in order to raise neutron shield capability more. If it explains in detail, 
when resin before hardening will be made into fire-resistant condition temperature (800 ** of 
exteriors, 30 minutes) within a well-closed container with a melting plug, it is generated by air 
bubbles (void) inside resin, and there is a possibility that neutron cover ability may fall. Here, if 
carbon powder is added, generating of air bubbles will be controlled and neutron shield 
capability will improve more. 
[0028] 

Carbon powder to add is carbon black, graphite, activated carbon, etc., for example, and 
especially their carbon black is preferred. Here, using one kind of carbon powder, two or more 
sorts of carbon powder may be mixed, and carbon powder may be used. Although it can adjust 
suitably according to a kind of carbon powder and can add, in the case of carbon black, 0.02 - 
4 mass % is suitable for an addition, and especially its 0.05 - 0.3 mass % is preferred. An 
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effect is accepted above 0.02 mass % and an effect is remarkable especially above 0.05 mass 
%. A remarkable rise of viscosity is not accepted below by 0.3 mass %. On the other hand, 
above 4 mass %, since viscosity rises rapidly with carbon powder addition and a hydrogen 
content falls [ an added part ], an effect corresponding to an addition is not accepted. 
[0029] 

Since other ingredient ratios of a neutron shield will become low if carbon powder is added 
superfluously, a tendency for a hydrogen content to fall and for neutron shield capability to 
decline is seen. 
[0030] 

An increased density agent is a high-density material, and is heavy metal powder or oxide 
powder of a heavy metal mixed in order to enlarge specific gravity of a neutron shield and to 
cover a gamma ray. /, such as Cr whose melting point is a not less than 350 ** heavy metal 
preferably as an increased density agent, Mn, Fe, nickel, Cu, Sb, Bi, U, and W. Or NiO, CuO 
and ZnO whose melting point is an oxide of a not less than 1000 ** heavy metal, Zr0 2 , SnO, 

Sn0 2 , W0 2 , Ce0 2 , U0 2 , PbO, W0 3 , etc. are mentioned. An increased density agent may be 

used by one kind, or two or more sorts may be mixed and used for it. 
[0031] 

By adding an increased density agent, specific gravity of a neutron shield can be raised and a 
gamma ray can be covered more effectively. Refractoriness can also be raised by using the 
above-mentioned heavy metal powder and oxide powder of a heavy metal. 
[0032] 

Although it can adjust suitably and can add, in order to cover a gamma ray effectively, more 

3 

than 5.0 g/cm has preferred density of the increased density agent itself, and more than 6.0 

3 

g/cm of an addition of an increased density agent to mix is more preferred. 
[0033] 

A hydrogen content can be made to increase by replacing some additives other than an epoxy 
resin by an increased density agent. Maintaining specific gravity of a constituent for neutron 

3 

shields by replacing a part (1.62 - 1.72 g/cm ) since quantity of an epoxy resin can be 
increased, a neutron shield with a high hydrogen content can be manufactured, and a neutron 
can be covered effectively. 
[0034] 

That is, since a neutron shielding effect can be raised more, maintaining shielding performance 
of a gamma ray by using an increased density agent, the necessity of arranging a profound 
structure for gamma ray cover on the outside of a neutron shield main part like before can be 
made small. 
[0035] 
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As a bulking agent, in a constituent for neutron shields of this invention, glass fiber besides 
powder, such as silica, alumina, calcium carbonate antimonous oxide, titanium oxide, 
asbestos, clay, and mica, etc. may be added, and carbon fiber etc. may be added to it if 
needed. Furthermore, if needed Natural wax as a release agent, metal salt of fatty acid, 
Chloroparaffin as fire retardant, such as acid amides and fatty acid ester, bromine toluene, 
hexa bromine toluene, antimonous oxide, etc. can add others, a silane coupling agent, a 
titanium coupling agent, etc. which are carbon black as colorant, red ocher, etc. 
[0036] 

A constituent of this invention is prepared by mixing an epoxy resin and other ingredients. A 
neutron shield fabricates a constituent for neutron shields. As for bridge construction of an 
epoxy resin in shaping of a neutron shield, it is preferred that heating performs also at a room 
temperature although it is possible. As concrete conditions, although it changes with a kind of 
epoxy resin, presentations, etc., it is preferred to perform heating on temperature conditions 
(50 ** - 200 **) for 1 hour - 3 hours. It is preferred to perform such heat-treatment in two steps, 
and after heating at 60 ** - 90 ** for 1 hour - 2 hours, it is preferred to heat-treat at 120 ** - 150 
** for 2 hours - 3 hours. 
[0037] 

A neutron shield is used in order to cover a neutron, for example, it is used for a cask for 
storing and conveying spent reactor fuel, etc. Such a cask for transportation can be 
manufactured using known art. A part filled up with a neutron shield constituent in a cask 
indicated by JP,2000-9890,A, for example is established, and the shaping of a neutron shield 
for casks can manufacture a neutron shield by filling up such a part with a constituent of this 
invention. 
[0038] 

A constituent of this invention is not limited to a screen in such a cask, can be used for various 

parts in a device and an institution which prevent diffusion of a neutron, and can cover a 

neutron effectively. 

[0039] 

[Example] 

Although the example of this invention is shown and being explained still in detail about this 

invention hereafter, this invention is not limited to the following example. 

[0040] 

The heat resistance expressed with the rate of weight loss below estimated neutron cover 
ability. Most weight loss is water and it is because many hydrogen which has the effect of 
decelerating a neutron in water is contained. That is, since the test result that the rate of weight 
loss is large has low heat resistance, moisture decreases and it means that neutron cover 
ability becomes small as a result. 
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[0041] 

3 

The cover ability of a gamma ray is estimated by the density (g/cm ) of the constituent for 

3 

neutron shields. If there is density of a 1 .62-1 .72 g/cm grade, a gamma ray can fully be 

covered. 

[0042] 

(Example 1 of an experiment) Use of an increased density agent and magnesium hydroxide 
powder 

The epoxy resin was stiffened by combination of Table 1, and heat resistance was compared. 
200 ** x 2,000h of heat resistance was held in the well-closed container, and was expressed 
with the rate of weight loss when it allowed to stand at the room temperature after opening and 
one whole day and night and the volatile constituent was removed. Generally the hydrogen 
content was measured with the CHN analyzer, and was calculated using the gas thermal 
conductivity detection type CHN analyzer in this example. That whose particle diameter is 3.3 
micrometers was used for magnesium hydroxide powder. 

m 

x#*->«flsai xmmwm kd63i 
mfctt* &zmmm ks-44 



[0043] 
[Table 1] 
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[0044] 

In the comparative example 1 , the weight loss of 3.2 mass % was seen by 200 ** heat- 
resistant evaluation. Therefore, the fall of neutron cover ability is guessed. 
[0045] 

In Example 1 , heat resistance is improving greatly by replacing a fire-resistant agent with 
magnesium hydroxide powder from aluminum hydroxide powder. However, since the hydrogen 
content of magnesium hydroxide is low, if a hydrogen content is fixed mostly, a fire-resistant 
agent mixing amount must be reduced and density will fall. As a result, when a neutron is 
absorbed, a gamma ray occurs, but since the cover ability of a gamma ray is proportional to 
density mostly, the cover ability of a gamma ray falls. 
[0046] 

In Example 2, in order to prevent a density fall, copper powder was added together with 
magnesium hydroxide powder. Thereby, even if it uses magnesium hydroxide powder, the 
same density as the comparative example 1 can be maintained, and, as a result, gamma ray 
cover ability is maintained. Aluminum hydroxide powder was not used, but by using 
magnesium hydroxide powder, even if it lowered the fire refractory material mixture ratio, heat 
resistance was able to be maintained. 
[0047] 

(Example 2 of an experiment) Use of a hydrogenation epoxy resin and magnesium hydroxide 
powder 

Epoxy resin was stiffened by combination of Table 2, and heat resistance was compared. 200 
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** x 2,000h were held in the well-closed container, and it expressed with the rate of weight loss 
when it allowed to stand at the room temperature after opening and one whole day and night 
and the volatile constituent was removed. That whose particle diameter is 50 micrometers was 
used for magnesium hydroxide powder. 
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[0048] 
[Table 2] 
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[0049] 

In the comparative example 2, the weight loss of 3.2 mass % was seen by 200 ** heat- 
resistant evaluation. Therefore, the fall of neutron cover ability is guessed. It was thought that 
the heat resistance of the aluminum hydroxide powder currently used as a fire-resistant agent 
had been a problem. 
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[0050] 

In the comparative example 3, heat resistance improved greatly by replacing aluminum 
hydroxide powder with magnesium hydroxide powder. However, since the hydrogen content of 
magnesium hydroxide (Mg(OH) 2 ) itself is lower than the hydrogen content of aluminium 

hydroxide (aluminum(OH) 3 ) itself, the hydrogen content of a neutron shield also falls and 

neutron cover ability also falls. Then, the hydrogen content was raised using what 
hydrogenated epoxy base resin (hydrogenation bisphenol A type epoxy resin). 
[0051] 

(Example 3 of an experiment) Use of a hydrogenation epoxy resin, magnesium hydroxide 
powder, and an increased density agent 

Epoxy resin was stiffened by combination of Table 3, and heat resistance was compared. It 
asked for heat resistance like the examples 1 and 2 of an experiment. That whose particle 
diameter is 3.3 micrometers was used for magnesium hydroxide powder. 

xt^mm mmm kd63i 

ftlfcaW* AftSStt KS-44 



[0052] 
[Table 3] 
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^ # * ^mm^Uwt%) 


19.0 


24.8 


^ jk * ^mimm-^Mwt% 
) 


19.0 


24.8 


»A«^b(wt%> 


60.6 


19.0 




1.4 


1.4 




0.0 


30.0 


it(g/cm 3 ) 


1.65 


1.70 


zfc^f-a^Kg/cm 3 ) 


0.0997 


0.102 


W«t(wt%) 


3.2 


0.2 



[0053] 

In the comparative example 4, the weight loss of 3.2 mass % was seen by 200 ** heat- 
resistant evaluation. Therefore, the fall of neutron cover ability is guessed. 
[0054] 

In Example 3, epoxy base resin was changed into the hydrogenation thing (hydrogenation 
bisphenol A type epoxy resin), the fire-resistant agent was changed into magnesium hydroxide 
powder, and density, a hydrogen content, and heat resistance have been further improved by 
adding iron powder. That is, the cover nature and heat resistance to a neutron beam and a 
gamma ray improved. 
[0055] 

(Example 4 of an experiment) A commercial epoxy material, magnesium hydroxide powder, 
and boron carbide which are shown in the use following of magnesium hydroxide powder 
which has the particle diameter of 1.5-15 micrometers A room temperature, It mixed and 
defoamed under the vacuum, it slushed into a 50x50x1 00-mm mold, complete cure was 
carried out on conditions (130 ** x 24 h) after hardening with the room temperature one whole 
day and night, and the sample 1 shown in drawing 1 was produced. Although below 100 Pa 
and s made viscosity after material mixing general in consideration of the workability at the 
time of screen manufacture, it examined by making 30 Pa-s into a rule of thumb here. After 
having put this into the fire resistance test container 2 shown in drawing 1, sealing the whole 
with the steel plate of SUS and attaching the melting plug of 5 mm in diameter tin to the center 
section of an upper surface specimen, it settled for 30 minutes under 800 ** atmosphere. That 
is, it doubles with the service condition of a metal cask instead of the fire-resistant conditions of 
a common material, and becomes the fire-resistance in a semi- sealed state. If it takes out 
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under the condition of a room temperature and atmospheric air, flame will be seen for a while 
from a melting plug, but autolysis slaking of the fire resistance test container 2 is carried out 
soon. After returning to a room temperature, the neutron shield was taken out, an internal state 
and weight survival rate were measured, and it was judged whether it would have a certain 
amount of [ after fire- resistance ] neutron shield capability. The weight survival rate was 
searched for by the same method as the heat resistance of the examples 1 and 2 of an 
experiment, and it asked for mixed viscosity using the Brookfield viscometer. A continuous void 
divides the arbitrary sections of a neutron shield into a 10-mm mesh, and judges them by 
whether the existence of the space part which penetrates it is seen by at least one. If a 
continuous void generates, the course which a neutron penetrates will be made and neutron 
shield capability will decline greatly. 

mm 

X^>£3il : ttSmm DT-448 (tfX7xy-^A«»fl^rS^ISflB) 

1-5731 (75>®flSfflD 

WM&m* Vt&XAum ttftftW 

Mb*** : aMiM ks-m 



[0056] 
[Table 4] 
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16.7 
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34.2 


32.0 


1 1 . / J « J \ 
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1.4 


1.4 


1.4 


1.4 


1.4 


1.4 


1.4 




26 


/ 




9s 


97 

Z 1 


97 




) 


77 


78 


79 


81 


80 


78 


75 






*1 






*2 







*2 r& 3 0 %0|$t*||^^ KM. C 5 0 



[0057] 

The tendency for the void which is not less than 50% of a weight survival rate in Example 4 - 
Example 7 as shown in Table 4, and continues except for the surface of a neutron shield to be 
hard to be generated was accepted. Here, a weight survival rate is the numerical value 
expressed with the rate of 100(%)-weight loss (%). 
[0058] 

(Example 5 of an experiment) Addition of carbon powder 

The effect of carbon powder addition was checked with the same test method as the example 
4 of an experiment (number of trial 1-5 time). Carbon powder used sigma Aldrich Japan carbon 
black (part number 05-1530-5). The things of the Yamaishi metal were used for the used Ni 
powder as an increased density agent. As a result, as shown in Table 5, the effect was 
accepted in Example 9 - Example 14 which mixed carbon powder, and generation of the 
continuation void was not especially accepted in Example 11 - Example 14. 
[0059] 
[Table 5] 



http://www4.ipdl. inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ip... 9/25/2008 



JP,2004-061463,A [DETAILED DESCRIPTION] 



Page 17 of 19 





MM 

mis 


Wm 
M9 


MM 


Mm. 

mm 




0m 3 


$Jl4 


) 


15 


15 


15 


t ST 

la 


15 


15 


ID 


CI Hj\WL/0/ 


0.0 


0.02 


0.05 


0.1 


0.2 


0.3 


0.5 


-p-Jt(wt%) 


32.7 


32.7 


32.7 


32.7 


32.6 


32.6 


32.5 


Tfr? -VSMk&ll 
'-J^ "T v^-gStlCjHy 

ti-^Jt(wt%) 


i o Q 
lu.y 


in q 


in q 


in q 




in q 


in q 


) 


46.0 


46.0 


46.0 


45.9 


45.9 


45.8 


45.7 


n i »a^jt(w 

l> /u/ 


9.0 


9.0 


9.0 


9.0 


9.0 


9.0 


9.0 




1.4 


1.4 


1.4 


1.4 


1.4 


1.4 


1.4 


*&&*!i£(Pa • s) 


29 


29 


29 


30 


32 


40 


86 


) 


78 


79 


81 


82 


82 


81 


82 






*1 


*2 


ttL 


tt L 


ftL 


fcL 


%) 


14 


10 


5 


1 


<1 


<1 


<1 
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[0060] 

(Example 6 of an experiment) Particle diameter of magnesium hydroxide powder, and addition 
of carbon powder 

With the same test method as the example 4 of an experiment, the effect of magnesium 
hydroxide powder and carbon powder addition was checked. Carbon powder used sigma 
Aldrich Japan carbon black (part number 05-1530-5). The things of the Yamaishi metal were 
used for the used Ni powder as an increased density agent. As a result, the tendency to be 
hard to generate a void was accepted by the synergistic effect by combining two, the 
magnesium hydroxide powder and carbon powder which have the particle diameter of 1 .5-1 5 
micrometers as shown in Table 6. When the section was observed, the case where the particle 
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diameter of the magnesium hydroxide powder of Example 18 was 3.3 micrometers was 
maintaining the most precise structure according to the synergistic effect of magnesium 
hydroxide powder and carbon powder after fire-resistance. 
[0061] 
[Table 6] 
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[0062] 

[Effect of the Invention] 

As mentioned above, as explained in detail, the constituent for neutron shields of this invention 
is suitable to cover a neutron and a gamma ray, and excellent also in refractoriness. 
Furthermore, magnesium hydroxide powder can be chosen as a fire refractory material, and 
workability can be raised by adjusting the particle diameter. By furthermore adding carbon 
powder, neutron cover ability can be raised more. 
[Brief Description of the Drawings] 
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[Drawing 1]lt is a figure showing a fire resistance test container. 
[Description of Notations] 

1 ... Resin sample for fire resistance tests 

2 ... Fire resistance test container 



[Translation done.] 
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CiSifiSx $ *i/®m, TJ ^ S <D y U v -7 ;l/ x - 7 /I/ ft ic J; § 0g iS S x 4° 4^ 7 ®f flg , 
7 7 p u ^ > * 7' x y m x 4° 4^ 7 W HH , ®±m Wi i& x ijf 4- 7 $J flg ^ , 14 x 4° 4- 7 ffl flg t 
LTH, 7 U 3 - 7 IE 14 x # 4^ 7 «J flg , 7 7 7 7^ 14 x X 4- 7 fit flg . # U 7 5 F =t tf ^ 
U 7 5 H ^ 14 x ^ 4- 7 ffif flg , ytMit it x 7° 4=- 7 « flg ^ , ffi tc (i % U 7 ^ # x # 4- 7 if 

flg , « ^ ^ ^ x ^ 4-7 m flg , s * n g x ^ 4- 7 w flg ^ ^ m if p. n s 0 ?J< « s ^ x ^ 4- 7 w 

flg L T fi , yjc i* r^s io ti' 7 7 x 7 - ;P A S x 4° * 7 © flg N /jc « ^ fin If X 7 x 7 - ;!/ F §y x 

4? *->mm, 7 4? 77^syu 7 7 ;p x - 7 ;i/ w flg s 4< m m fin l ft et flg ^ m if a n s „ 40 



C tl 6 © x 4^ 4- 7 St flg © 5 ^ <tf S L < {4 If X 7 x 7 - 5y x 4? 4- 7 S flg , flg flfl ffi x 4^ 4- 7 
« flg ^ T fe 0 , # !C iff * L < (4 If X 7 x 7 - Jl M x *° + 7 «f flg © 4J T 7j< * til £T X 7 x 
7 - ;l/ A 51 x 4? 4- 7 fef flg T*$5o ?t< * S fiU If X 7 x 7 - ;b A ffi x 4? 4- 7 «f flg © J; 5 & ?J< « 
^flM©7v^^/j<ii?2sfinx4^7Sfflg^fflv^ d tia D , 4 1 14. 7 B ft Rt © 4 0 ffiftft^ 

14 7 ;i « f* * m m t % z. t ft wj flg t a 5 „ 



[0013] 



[0014] 



[0015] 



[0016] 
[ft 1 ] 
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[0017] 

±S*IiineX7x/-^A5!l^^i/il<DlJgi^On©tf$L^lHt±> n = 0 
~2T'feO, n = 0~0. iegAUD!fSLl;\ 10 
[0018] 

x # * i/ W Hg t £ fS L T UK m « jg * B tit -f § ffi ft ffll L T it , m x. tf 7 X > ^ SS ft ffl , (t 
& * tf 1$ M * ft & feg ft #h 7i/-*l« ft SI $ a£ 6 ft, WSb<(i7i>l M ft SI 
JTJv» & ft S „ S^k:rs>SS!ftJW03^, m S3 5£ T 5 > £ gg ft SO , )i : S17ry^| 
ft #J $ © 81 ffi S * £ t S fiE ft f± , il M # Jffi ^ ft 46 , * 5£ ^ © IM fig ft tc jtf 3 tc ffl ^ e, ft 
§ o fe? ft TfU (± , HlflSftM^IH^Tt, 2iW±0®ftM*S!^LTin^TfeJ:V\ 
[0019] 

it iAc w t « , m x. a j A $ & u rc ^ s <d £ o ic ip ft ^ ;g ffi # # ,a ia ic ? <=> ? ft & t # k , 

TiOiftftSfeO-PSfeO, iitt'/JdftT/K-^i, /Jc II ft ^ * 5/ ? A *p © ft •& ft * 20 
^ 5 o 7J< ft ft V ^ * >"> A CD |j& * # jtf ffi Jft ti , 3 4 0 °C ~ 3 9 0 °C T? ;J< ft ft 7 )]/ ^ X t? A 
<D m 7j< ft m U JS «fc 0 ifeS M "P 5 ft 46 if iAc Mt LT»(ClLTl^„ 
[ 0 0 2 0 ] 

- ia w , 7t< g? ft v y ^i/^Att, s*«c&t3'c^5. c © /J< & ft ^ * ^ t> k %) * © 

f*MMft t Lti 0 £?ii&-Mft i4 5„ 
[ 0 0 2 1 ] 

it , J A Mtbt /J< SS ft v y * v' *7 A * * ffl v 5 « £ , !f S Lt 1 /J< S? ft v ? * is V h fA ~M <V 
1 . 5-1 5(imt$t), fifKl. 5 - 5 /i mCOtSA^ft Ll/\ LtlSOia 
## , r/Jc»fc"'?^*S'?Affi*tt, TliKOfeOSffl^SCfciJCTfSS. CCT, /Jc |ft ft V 30 
^ ^ >"> A ^ tK CD g fi^ f± , ^TcD^tKcDS^^I. 5 ~ 1 5 n m cD SB PI !C § d t ^ ^ $ 
L f ^ . ±1 51 W t a 7j< m ft V ^ % is V A ^ * <0 8 0 % U. ± ^ 1 . 5-1 5 (imOtiBEfe 
ft if J: < , !J$t<li90*tti, £? * b < (i 9 5 % W ± ft a m IE III ic § d t ft m 
S % 1 . 5 fimttT© 7j< lg ft v ^ ?- >") ASI?: ffl ^ T , 7j< & ft v ^ * >- ^ A © 

* cd U St it % & if % t ft & if ± H L T U U • jE t« ic £ ^ 4" Bf tiJt i: ij^Ji^TLH, 
ffi^T, 7t< it ft v ^ * ^ ^ A » * <D JEfr Jt * ffi < ffi x. § c t K. 4 § tz 46 , it ^ ft At M < 4 
§ o ffi ^ , ffi ^ 1 5 p m £X ± CD 7j< m ft -7 9 * is t> A J» * % JTJ ^ ft S ^ , ?j< ft ft V ? * y V 
A l» * cD ik rfn ffl ^ /h j < ft § it 46 W ft ffi h" f S * ft ^ £ § „ T ft b *> , 1 . 5-1 
5 ju m cD tK f t "V ^ v"> A *$ffl^5Ct£±D, it ik ffi ^ ffi L ^ "3 , ?g ffi • ?t « 

Il^as h$ w t ^ ^ & A^sav^ffHttoi^rfitt^je f* ffl a ^ ^ ^ ff § d t *■« t # s 40 

o 

[ 0 0 2 2 ] 

£ 5 fc ffi ffi ? 15 fE ffi cd m & ft t> m f* W (c HB f S i: , 18 f t lu x >K * ^ ffif IS cd § 3§ ^\ cd ^ L 
}a ic EL, 4' ^ ft < -T ft 46 , ft iu U S? > CD ft JS a 1 0 0 P a • s « K ctsct 
/pS$L1/\ 1 . 5 fi m K T © /K IK ft ^ 9 * ^ A 15} * * ffl ^ ft « , S. * M IE tc U o 
tc a 7 Jc IS f t v ^ * i/ ^ A l» * (D U A M a 3 0 ft M % IX K i: ft 0 , » Hi! ^ f>f # ffl ft S3 T* 
ifA*ff?g.fi C ^ rfP 8 0 o°c, 3 oft) ttst, « HB p"i fiP k: ^ JS (*-r F) ^^/+ Ln 

4j ft ^aiitfiKtsfe^ntfjs. ffi a , 1 5 /i m jm ± © * n ft v ^ * a m m % 

ffl ^ ft « fr , 7t< Sg ft v ^^>")A8iJ©itAl(i 5 0fii%K tttZHk. & 7*3 , 

7j< fi ft -7 y >> a » ^ © ^ ffi ft ffi T "T § ft 46 , if ik * rlsl j* ( ^ 8 0 0 °c , 3 oft 50 
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) t- m m m m m & % 'i- l , 7 ft 7 b $< f?£ « t *r s & ^ n ft & % „ 

[ 0 0 2 3 ] 

oj^ /KSft?^*^^A»*Ogg?: 1 . 5-1 5 (imfr^c^leiOi^lifei 
tf 714 7i£M^ J: D (in ft 7147 Ml* 3 :tit?*5 0 £ ft, Mft fc lui±T S 

o 

[ 0 0 2 4 ] 

-Jls /J< » ft 7 )V 5 - 7 A « , /K^1^#S©j£fr6/kiMbV^*^£A±!3ffiftT^S<C> 
7 , 7j< m ft 7 7 5 ~ 7 A J0 * £ ?J< ft ft v ^ * >- 7 A J» * % M XT. U ft L T if 'k « t L 7 
cfc^o ^©*§ftW^£7j<fHb7/Piix7 Af»*ti, 0. 0 7 K © ffi 7 - © 7j< 

m ft 7 ;!/ 5 =- 7 A » tK % ffl ^5 d i: ft ST- $ Ll\ V — 9 % ( N a z 0 ) % 0 . 0 7 H M % 10 
« TKtSiltKioT, 1 5 0 °C JK ± $ 7 7k £ fT * * U ff -T S C 4: 6* $ ft , 

7jc«ft7;l/5->>A»*, * ft vf^i/Vl* m tc Ss ini U ft fe © 7 

& o T fe £ ^ o t4a5.i^ttOi*lttUb£i^ftcfi 2 0-7 Ofl%*^f$L(, 3 5 
~ 6 0HI%tfi \c 4f J 
[ 0 0 2 5 ] 

* * * ft £ tl ti , JSwtfipJ ti, ^ ft 7- © M & J; tf % ^ L 7 © M £ W "f 3 „ 7 

fit 7 i§ K ft tc % a tc id ft s ti § * ^ * ft ft i± , 7 14 7 © nx ^ 7 s & © t? s n a «fc < 
, m x. «' ffi ji *> ct tf a 7 'ft ^{cwuT^^&iaiiRBTffiss^^'-rs^fb*^^, $s ?j< * 7 m 
, * 7 * $ , rK * 7 $ , k ft 7 7 m , & § a y. * * 7 §? ft ii © * 7 n ft ft % # * if 5 n 

, Sft'f^^^fCffSL^o *7-£ftfttlti, 1 WIS©* 7^ftft1%£ffl^T & , 2« 20 
IX ± £0 * 7 * ft ft % % ?g ^LTffl^TUl\ 
[ 0 0 2 6 ] 

* 7fSftft^tif»*7 w 5 ffi&fc * tfSiinf liltii Uiiiit5i:i: # # § 
o LA 1 b, x # * af hb a -c <o # fc it. , ^ft?tctlt§iitt.^#ii-n(l¥^fi#.(i i 

~ 2 0 0 n m IS jtf £ L < , l 0 ~ l 0 0 \i m IS ft £ 0 fcf S L < , 2 0 ~ 5 0 n m U 

a wtjfsi,^. as An a « , asssi^#icjfaTo. 5 ~ 2 0 h a % © ne h # s t * 

U\ 0. 5 Htt%7kffi^(i;jUx.ft* , >*ftft^cD4Jtt7-jfiK«^ LTOa*«ifi< , s 

ft , 2 0 H B % * M x. ft ^ ft « * # * ft ft % % fcj - E » ffi( ? ^ S C t ^ B If E ft S o 

[ 0 0 2 7 ] 

* - ^ > m * » , rfr ft ^ a |)g ti % £ D [p] h t£ it % ft t ^ in $ n S 0 B¥ L < K2 ye -r a t 30 

* 55 fb hu is m * m m m n t m si ^ ^ ^ -e w j*c * # & c ^ bp 8 o o °c , 3 o ) tt«t 

[ 0 0 2 8 ] 

Mt§*- # 00 x. « A - ^ >-/77? ( ?77r^h, ffi 14 K ft if fe 0 , 

* - ^ v 7 ^ v ^ ^ *ic!ff* u>, tc-e, * - # > » * a . i mm<Dt>- $ >®M%m 

^ T t , 2 a ± O A - jfS > » * £ r& ft L T m ^ T t J; ^ 0 & hu S t± , A - ;K > J» * O ffl 
III C =3; D JI a II fifi L T m t % £ t ft 7' * S ft, A - 3p 7 7 7 >y 7 © Ws ft 0 . 0 2- 41 
g % ^ M 3 7 %> D , 0 . 0 5-0. 3 Si%^#lc!?S U\ 0 . 0 2SI%K (7iS 
^ & ^ tl , 0 . 0 5 R a % HiTfltiS^i^-ffeS. £ ft , 0 . 3la % J-X 7 7 ti 40 

ttfiopa^ft ± Wti^.46 P.nftv^c -7?, 4 Ha%JX±7t±, *-jp>J»*^/ra{cffoT 

a m tc ± # l , $ ft , si ft ft u 7k m 15 a a ft i& k -r s c t ft z , s ^ a tc m ft o 
ft a s ft m 46 <=> n ft o 

[ 0 0 2 9 ] 

S ft , * - ^ SO tc rran 7 S i: , 7 It 7 M S f* © ffi © Jt 5> It *fffi<4Sftfe, 

7j< * ^ a h" ^ D 7 14 f II hk 71 fti& ft5 M Iro » 6 n S o 
[ 0 0 3 0 ] 

ffi JJ£ if , SfiOfii^RT*!), 4J tt ^ £ K {* co tt m % X % < L , y S ^ ifi 15 7 § 

ft 46 tcgft £ Ti % S^MT. ft«S£)S©g§ft«)7fe£o ffifi^inSltLT, 5tSL< 
ti , m& ft 3 5 0 °C iX ± © m ft K 7 & § C r , M n , F e , N i , C u , S b, B i , U 50 
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, W , 33 J; If / S ft « , liff' 1 0 0 0 °CK hOSiBtDtfttlTfeS N i 0< C u 0 
, ZnO, Z r 0 2 , S n CK S n 0 2 , W 0 2 , C e 0 2 , U 0 2 , PbO, W0 3 ^ 

w m if h n & o n? a ^ An a , iait-ffli>t^ 2 a w ± * fift l t ffl ^ t & * ^ „ 

[ 0 0 3 1 ] 

®mmimm%Wiix\?z ztic&r), rftt.? Mft©it*# tif % ct^-e^, y i§£ «t d 

?«WtIIt5i:tA ! Tt§ 0 ±B-ri©m^«^m£K©ft{tftf^ffl ^ § £ i: 

[ 0 0 3 2 ] 

U ft t S ¥f? ffi « in ffJ © & in H f± , IfiilLTSftll-SCtS'-ef y S 5 * ffi E 

)« m -r § i6 e a s is m in #j a ft © s is ^ 5 . o g / c m 3 jji ± # gr- * l < , 6 . o g / 10 

c m 3 JK_h «t D $ LV„ 
[ 0 0 3 3 ] 

M*«fti?ti:SJifc^-?#ao -ffliaSI*tx45c:fck:<fcO, ^ tt ? )fi K ft JlJ II i£ ft © It 
ffi * «6 fir C 1 . 6 2 - 1. 7 2 g / c m 3 ) L ft # 6 , x # * -> $ I AH © S * £ < T § d t 

* -e $ § * * * a *r a © ,a v mj it t mm ft % m m ? % c t # z . % * m e 4> tt t % m 

[ 0 0 3 4 ] 

o $ <o , rt&mtnm* m ^ z. t e £ o y »©)iiitt^Mt$ La^e tt^if is^ 

<£ 0 I: tf5Jifcjyp#5©-e, {£ M © <fc 5 E rfi ft. ? )fi Aft ft*ft<D ft W lc*m% y HSJSlKffl 20 

© w ;g ft * (E h -r * & g tt * <h ? < ■* s c: t A' 5 

[ 0 0 3 5 ] 

* 51 m © * tt -7 £ iS ft ffl H JiSt ft E tt , S«9li:Lt, J/ U * , 7 A, 5 ^- , KIA;^^A 

-.mitr y ^^y , m fb * y , rx^xh, ^ u - , ^ ^ a © g> * © is ^ , j^i 

«P.^*jS/niLTfcJ:<, * Tc , jKS E JS C ^ * » H m % ffi M L T fe J: ^ 0 S 5 E ^ S e JS 

c t , iiijiLtcxi77n, 17= fs, ag hs h x x r ;v s ^ 

, l»«tji;LTOfSft^77ry, -/Dihuy, '\ + t7nih;H>, - ft ft 7 > 
f - 1 > , » fe SI t L T (D f3 - # > 7 7 v ^ , ^>**7f Oft •> 7 > A 7 7 'J > SU , 

7^ ^ > * >y ^ u y y m m % & im * § c t & ? % % „ 

[ 0 0 3 6 ] 30 

rti ft 7 Jfi ic *s, rh tt 7- s ic * m m. t& ft * & m l /c t © -e $ § 0 rt-i ft 7 ® « f* o * e 33 

5 X jK * W HI CD « ffi , ^ M T* fe nj ^ ^ /j D f»K«fe0f?*a©^ff*bVo tt ft w * 

* f I- tlTH, x^ + i/^flg(Dffl», ffl fi5c ^ E J; -z> X S 4 5 ^ , 5 0 °C ~ 2 0 0 °C <D M S 

* e ^ t i Bf ~ 3 at m m m % n * 7 c t ^ w- s e> e a , c <d j; 5 * in a 5a 

fflazfiiTfffta Ct^jfSL<, 6 0 °C ~ 9 OtT'lBfW-Z Hf M M it L Vk , 12 
0 °C ~ 1 5 0 °C T 2 Rf ffl ~ 3 m JlU m ® M f % C £ & iff- * L ^ 0 
[ 0 0 3 7 ] 

8fe»0*t^i'S^tM05nS. iliOj;^iiSfflO*tX^tt, £ & ffi £ *'J ffl L 40 
111^5 c t ^ T' ? § o ^tX^/n^ttT-IIftOJ^JKi, 09* If, HIHJ¥ 2 0 0 0 - 

9 8 9 o ^^iicpj^snfc^ + x^Kfeii^T^ffi^jfiiBtftiiiitftfe^sat-sw^^iJ^ 

P. ti T 0 , C©<fc5affl3fK, ^^R^Cffi^ft^Jttfi-r^dtE^OtfJtt.^lfiKft^S 
[ 0 0 3 8 ] 

* % © 111 J7jc ft f± , c © 7 £ * ■¥ X ^ ^ © B K ft E pg 5£ S n § t © T? t± % < x ff tt 7 © 
S; fS5c 155 ih f S ^ S -f li Hk L E T , « >«r a (S Bt E HI V» § d & 7 # , ?i) a W E ffJ tt 7 £ 

[ 0 0 3 9 ] 

[ :^ m m ] 50 
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w KBi^snsfew ? « ft ^ o 

[ 0 0 4 0 ] 

•p & 0 , /Jc t « rfi ft ?^MIS-&5aSA^5*^A^<^SnSA^T«3„ f ft fc> *> 

. m^m'pm^x^^ t^v iAmm^it, tsm&ffi&^itib, * # # s '> l , ^<dis*^ 

ft ^ 3S it ti tf'h 2 < ft 5 £ ^ 5 u t^ilLTl^o 
[ 0 0 4 1 ] 

y SOiltBiix * ft 7 & K f* ffl ffl bJc tl © fff J3 ( g / c m 3 ) T? 3f IB £ ft 5 ■> ffi £ 2>M . 
6 2 - 1. 7 2 g / c m 3 g )S & ft &\ y I* + ^£11 1 § l t id^ t § „ 
[ 0 0 4 2 ] 

( j$ ffij i ) & is ±e hu m 1 ?jc m if??**/? i*mM<D&m 

SlOSd^CTi^* i/ ffl IIB fSHfc £ , ft M £ Jt « L o ft tt « . ff? ffl ft 33 * T 2 
0 0 °C x 2 , OOOhfiSL, S S ic T 9$ Miks L T S^iSt)?: I£ L ft »ftD 

3 § « 'J> =4* T? ^ L Tz 0 tK M ft M M (± . -liCCHN # flf at T? W ik' 5 ft , * ^ fifi ffl K ^ T 
iifxlgigi^f.CHN # flf * m ^ T * » fc 0 * Pi ft v y * ^ •> A M fi , g ft 

3 . 3 fi mOfcO?ffl^t„ 

Xa|«+5/«fl2ffl AiSBUgll KD631 

Mb^S ^3i|g^®l KS-44 
tt&*ttffl m 1Iffl&M?§f&FCC-115A 

[ 0 0 4 3 ] 
[*? 1 ] 





\mm i 




mmm2 


=c # 3r v'iSiJ Jg-g-Jt (wt%) 


19.0 


26.8 


29.2 


3i # df ^««^&(wt%) 


19.0 


26.8 


29.2 




60.6 


45.0 


6.0 




1.4 


1.4 


1.4 




0.0 


0.0 


34.3 


^S(g/cm 3 ) 


1.65 


1.45 


1.65 


*i^*(g/cm 3 ) 


0.0997 


0.0972 


0.0972 


S«(wt%) 


3.2 


0.2 


0.2 



[ 0 0 4 4 ] 

It W llftt, 2 0 0 °C ft m If ltT3. 2fil%Ofi ffl 'J> & » t> ft 7c „ ft o T , rfr ft 

7- )fi K m <n ffi T # w. m £ ft § „ 
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[ 0 0 4 5 ] 

'M IM M 1 1? it , if 'X ffl % * ft ft 7 Jl ~ ~ •> A M 5 /J< it ft T ^ ^ >"> A ^tK K fti5c 

t -e , iltttfAt<fi±LT^5 0 L^b, /Kiftv^ * -y^iitiii^flM ^ fg ^ ft 

J6 , 7k « IS =fr S * S l£ - ik' K T § t , « A ffl ii A S * fill aLft^niiftBf, ffi JS # ffi K 
t5„ ^Ofe'*, rft ft. 7 K IK £ ft fc HJ K y«tf58 t8tf, y f§ © Jffi ste fi « , ffi .8 M S 
(3: ft M -r £ ft * , y m © ffi IS tl t± ffi T -r 5 0 

[ 0 0 4 6 ] 

ste m 2?ii, jj ffi t * m ± •? § ft * , m » % 7jc ft t 7 * a s& *t^*3^Ti ijn 

L ft o UtiD, ?J< n f t v 9 * i/ fj A m * * f£ m L X fe , it 15 M 1 ^ Inj 13 ffi 8 £ ft f# f 
SCtffTS, * © ffi * y S ffi 15 m* m ft ? 5 0 S ft , * ft ft 7 ;l/ = ~ >> A © M % ffi ffl 10 
f\ 7j< S$ ft v ^ i/ c t It * tt ig fUt £ Ttf T feifiitt^liWT 5 
C i: fts 
[ 0 0 4 7 ] 

( * ft M 2 ) ?J< * ^ to x )K * ~> ffif fli t 7J< £ ft v 7 * v ^ A * © ffi JH 
i2<Oi^£Ti * * U S> > * ffi ft £ ■& , AT *ft ft £ Jt $5 L ft 0 ffi HO § 38 T* 2 0 0 °C x 
2 , OOOhftiiU *'MICT\MM&, - M & ift S L T » # s% % £ \<& ^ l ft Of © 3 S « '> 
^ T'SL ft o 7j< II ft V ^ ^. ^ A ^ * (2 , 15 % 1$ 5 0 ft m <D h © ^ ffl ^ ft D 

X**3/«ft« ^aiM KD631 

TOM 3 : rtmtT^^AO* V7 , X^k-i!I 
KflS*!>* AASHIl KS-44 30 

[ 0 0 4 8 ] 
[S 2 ] 





JtlSEM 2 


\mm 3 




19.0 


18.0 


^ 4< * ^snt #jm^it (wt% 
) 


19.0 


18.0 


»^J^Jt(wt%) 


60.6 


62.0 




1.4 


1.4 


^S(g/cm 3 ) 


1.65 


1.64 


*m^^S(g/cm 3 ) 


0.0997 


0.0978 


l»fitt(wt%) 


3.2 


0.2 



[ 0 0 4 9 ] 

Jt « M 2 t? tt , 2 0 0 °C it a If ffi t T 3 . 2Hl%Ofl M '> ^ » tl ft o lot, rfi ft. 
7-ffifKfgoffiT ^'ffirffl $ n§„ ifiAcfflt LTfliffl LT 0§7j<ftgft7;P = x>>AitA©BSi 50 
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ft. & m m k & -3 x v s t % 7, h n it o 

[ 0 0 5 0 ] 

14 fi ^ t < ImJ ± L 0 L L , 7]< ft ft -7 ? * i/ * A a f* C M g (OH) z ) CD ?J< M ft ft S 

a * s? ft r ;i/ s =. ? a a f* c a i c o h ) 3 ) ^ it. 7 as as f* 

<D 7j< * $ ft ^ fe ffi T L , ^teT-jffiffitifcffiTTSo x jj? * i/ 3L ffl * 7k * ifs iJU L ft 

& © (;|<^f$*H , X7xy-;VASx^^^i)IS) £ ffl /j< £ ft ft S 5 fa ± $ ft 0 
[ 0 0 5 1 ] 

(JIM 3 ) 7)c ili 8s in x # * i/*!lB 1 7kHftv *j AM i: ft em in #J cDfg m 

* 3 cd e s k x x jr * -> u s? > % ffi ft $ , if % it % jt « l ft „ mm ft (is ^ m 1,2 10 

tlStLT ;R 26 7c 0 7k ft ft V ^ ^ v' A Jft * « , ggtf 3. 3 p m CD t CD £ ffl ft 0 

x^^>ii mum ±mm xwaraou 

ssmtoLfctm (*it«ie*7xy^Ai!x#* 

54MB) 

X^'>«ftffl *«£8 KD631 2o 
ftflS*!>» AAffiM KS-44 

[ 0 0 5 2 ] 
[S 3 ] 







mmm 3 


x. tk v'±#j2a3-j*(wt%) 


19.0 


24.8 


x *° 3- ^f^Ml^lt (wt% 

) 


19.0 


24.8 


W^J?i^Jt(wt%) 


60.6 


19.0 




1.4 


1.4 




0.0 


30.0 


^(g/cm 3 ) 


1.65 


1.70 




0.0997 


0.102 


S«(wt%) 


3.2 


0.2 



[ 0 0 5 3 ] 

it m m ax- it. 2 0 0 °c it m it iet3. 2Hi%osa m <j> # » 6 *i „ ^ o r , m it. 
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